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REMARKS 

1. Sfafiis of the Application 

Claims 7-24 are pending in the present application. The following rejections are at issue 
and are set forth by number in the order in which they are addressed: 

1) Claims 7-24 are rejected under 35 U.S.C. §103(a), as allegedly obvious over Cain 
etal. (WO 97/18320); and 

2) Claims 7-24 are rejected under 35 U.S.C. § 103(a), as allegedly obvious over 
Pariza et al. (U.S. Pat. No. 5,856,149). 

A prima facie case of obviousness requires the Examiner to cite a combination of 
references which (a) disclose the elements of the claimed invention, (b) suggests or motivates 
one of skill in the art to combine those elements to yield the claimed combination, and (c) 
provides a reasonable expectation of success should the claimed combination be carried out. 
Failure to establish any one of the these three requirements precludes a finding of a prima facie 
case of obviousness, and, without more, entitles Applicant to allowance of the claims in issue.* 
In addressing this rejection, Applicants focus on the independent claims since non-obviousness 
of an independent claim necessarily leads to non-obviousness of claims dependent therefrom. 
Applicants respectfully note that neither of the references teaches each element of the invention 
as claimed. 

1. Cain et al. Does Not Teach Each Element of the Claims 

Claims 7-24 are rejected under 35 U.S.C. §103(a), as allegedly obvious over Cain et al. 
(WO 97/18320). The Examiner repeats his argument that Cain et al. teaches a conjugated 
Hnoleic acid composition "of which 49.7% was the cis 9, trans 1 1 -isomer and 50.3% was the 
trans 10, cis 12-isomer." (Office Action, page 2). hi response to the Examiner's, arguments, 
applicants respectfully submit the Declaration of Mr. Asgeir Ssebo. 

Mr. Saebo repeated the conjugation conditions described in Cain et al. The results of the 
conjugation reactions were analyzed by GC-MS and are attached at Tab 1 to the Declaration. 
The conjugation method of Cain et al. resulted in a conjugated Hnoleic acid composition 
comprising approximately 3.49% cl l,tl3 CLA and 2.24% t9,tl land tl0,tl2 CLA. As Mr. Sasbo 
notes, the t8,clO isomer co-elutes with the c9,tl 1 isomers, but almost always occurs in a one to 

' See, e.g.. Northern Telecom Inc. v. Datapoint Corp., 15 USPQ2d 1321, 1323 (Fed. Cir. 1990). 

^ §MPEP 2143.03. 
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one proportion to the cl l,tl3 isomer. 

This factual evidence establishes that the methods utilized by Cain et al. do produce a 
variety of isomers other than the desired tl0,cl2 and c9,tl 1 isomers. Furthermore, Mr. Saebo 
explains why the formation of the 8,10 and 11,13 isomers is a necessary result of the process 
employed by Cain et al. In particular, the formation of these isomers occurs by a process known 
as thermal sigmatropic rearrangement. This process is described in book chapter authored by Mr. 
Saebo and attached as Tab 3 to the Declaration. As Mr. Sasbo states: 

[T]he research described in this chapter establishes that the formation of the 8,10 and 
11,13 isomers is a necessary consequence of heating compositions containing the tl0,cl2 
and c9,tl 1 isomers. Thus, whenever compositions containing tl0,cl2 and c9,tl 1 CLA 
are heated at temperatures such as those used by Cain et al. (i.e., 180°C for about 2 - 2.5 
hours), 8,10 and 11,13 isomers are necessarily produced. Because Cain et al. does not 
describe the presence of these isomers in their compositions, the only reasonable 
conclusion is that they did not analyze for these isomers or chose to delete these isomers 
from their report because they were not considered to be active isomers. 

Thus, the compositions of Cain et al. necessarily contained 8,10, and 11,13 isomers. As Mr. 
Saebo goes on to state, the failure of Cain et al. to report these isomers "is explainable by the facts 
that 1) methods for the analysis of CLA compositions in 1996 were rather crude and 2) Cain may 
have simply chosen not to include non-active isomers when reporting their results." 

Based on the foregoing arguments supported by factual evidence, Applicants respectfully 
submit that the Examiner has not established a prima facie case of obviousness (and that, 
assuming arguendo, a prima facie case of had been established, it now stands rebutted). 

2. Pariza et al. Does Not Teach Each Element of the Claims 

Claims 7-24 are rejected under 35 U.S.C. § 103(a), as allegedly obvious over Pariza et al. 
(U.S. Pat. No. 5,856,149). The claims as currently pending require that the composition contain 
10,12-octadecadienoic acid. Pariza et al. specifically teach at column 4, lines 36-39 that their 
composition does not contain the tl0,cl2 isomer. This interpretation of Pariza is confirmed by 
Mr. Saebo in paraghraph 6 of his declaration. Thus, Pariza does not teach each element of the 
claims. 

The Examiner refers to column 2, lines 50-58 of Pariza to support his arguments. It is 
respectfully noted that Pariza only addresses c9,tl 1 and tl0,cl2 isomers in this cited passage. 
The passage is silent with respect to other isomers. The statement that the compositions contain 
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about 42% each of the two isomers does not exclude the presence of other isomers. As 
estabUshed in Mr. Sasbo's Declaration, these isomers are necessarily present in chemically 
processed plant oils. Pariza simply does not teach each element of the claims and the claims 
should be passed to allowance. 

In view of Pariza*s silence with respect to the 8,10 and 11,13 isomers, it is apparent that 
the Examiner is relying on conclusory reasoning to modify the reference. The Examiner's 
resoning is conclusory because the reference is merely recited and then the Examiner states that 
the teaching of a compositions with about 42% of the c9,tl 1 and tl0,cl2 isomers makes the 
invention obvious. The Examiner fails to provide any reasoning as to why the 8,10 and 11,13 
isoemrs would not be expected to be found in the remaining 16% of the composition. The 
Federal Circuit has expressly forbidden this approach hindsight-based approach. 

Specifically, the Federal Circuit held that: 

The factual inquiry whether to combine references must be thorough and searching. It 
must be based on objective evidence of record. This precedent has been reinforced in 
myriad decisions, and cannot be dispensed with. 

See, In re Lee, 211 F.3d 1338, 1344 (Fed. Cir. 2002); internal citations omitted; emphasis added. 

Indeed, the Federal Circuit has made it clear that "[b]road, conclusory statements regarding the 

teachings of multiple references, standing alone, are not 'evidence.'" In re Dembiczak, 175 F.3d 

994, 50 USPQ2d 1614 (Fed. Cir. 1999)(emphasis added). 

Thus, the Examiner's conclusory motivation statement falls well short of the standards 

established by the Federal Circuit. In particular, the Examiner has provided no rationale as to 

why someone skilled in the art would not expect the remaining 16% of the composition to 

contain the 8,10 and 11,13 isomers. Given this fact, it is apparent that the Examiner has applied 

hindsight reconstruction to reject the claims. This is the situation that the above standards are 

meant to prevent: 

The Board did not . . . explain what specific understanding or technological principal 
within the knowledge of one of ordinary skill in the art would have suggested the 
combination. Instead, the Board merely invoked the high level of skill in the art. If 
such a rote invocation could suffice to supply a motivation to combine, the more 
sophisticated scientific fields would rarely, if ever, experience a patentable technological 
advance. Instead, in complex scientific fields, the Board could routinely identify the prior 
art elements in an application, invoke the lofty level of skill, and rest its case for rejection. 
To counter this potential weakness in the obviousness construct, the suggestion to 
combine requirement stands as a critical safeguard against hindsight analysis and rote 
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application of the legal test for obviousness (Emphasis added). 

In re Rouffet, 47 USPQ2d 1453 (Fed. Cir. 1998). Accordingly, Applicants respectfully submit 
that the Examiner has failed to establish a prima facie case of obviousness because the Federal 
Circuit standards for motivation to modify have not been met. As such, the obviousness rejection 
should be removed. 



All grounds of rejection and objection of the Office Action of August 28, 2003 having 
been addressed, reconsideration of the application is respectfully requested. It is respectfully 
submitted that the invention as claimed fully meets all requirements and that the claims are 
worthy of allowance. Should the Examiner believe that a telephone interview would aid in the 
prosecution of this application, Applicant encourages the Examiner to call the undersigned 
collect at (608) 218-6900. 



Conclusion 





iJVIitchell Jones 
Registration No. 44,174 



Medlen & Carroll, llp 
101 Howard St., Suite 350 
San Francisco, Cahfomia 94105 
415.904.6500 



-8- 




PATENT 

Attorney Docket No. CONLINCO-04036 



^ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Dtp?fication of: Asgeir Saebo et al 
Serial No.: 09/438,104 
Filed: November 10, 1999 



Group No.: 1614 
Examiner: Jones, D. 



Entitled: 



Conjugated Linoleic Acid Compositions 



Declaration of Asgeir Saebo 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.8(a)(lKi)rA) 

I hereby certify that this correspondence (along with any referred to as being attached or enclosed) is, on the date 
shown below, being deposited with the U.S. Postal Service with sufficient postage as first class mail in an envelope 
addressed to: Assistant Commissioner for Patents, Washington, D.C. 20231 . 



Dated: //-^5"^^>3 



I, Asgeir Saebo, state as follows: 



1 . My present position is Vice President of Teclmology, Natural ASA. 

2. I have reviewed the above captioned patent application, of which I am an inventor, the 
Office Action mailed April 10, 2002, and the Cain and Pariza references cited as prior art. 

3. In the repeat of Cain, the conjugation conditions were the same as those described in 
Example 6 of WO97/18320. The results of the conjugation reactions were analyzed by GC-MS. 
The results are attached at Tab 1. As can be seen, this conjugation method resulted in a 
conjugated linoleic acid composition comprising approximately 3.49% cl l,tl3 CLA and 2.24% 
t9,tl land tl0,tl2 CLA. The t8,clO isomer co-elutes with the c9,tl 1 isomers, but almost always 
occurs in a one to one proportion to the cl l,tl3 isomer. I note that this method is very similar to 
the method utilized in the Sugano reference, which was discussed in my previous Declaration. 
My work confirms that these methods produce CLA with relatively high levels of undesirable 
isomers. 



4. The Examiner states at page 4 of the Office Action that Cain teaches CLA compositions 
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that are composed of 49.7% c9,tl 1 and 50.3% tl0,cl2 CLA, and that because these numbers add 
up to 100% no other isomers were present. However, the percentages reported do not mean that 
the other isomers were not present, as was found in my repeat of Cain. This discrepancy is 
explainable by the facts that 1) methods for the analysis of CLA compositions in 1996 were 
rather crude and 2) Cain may have simply chosen not to include non-active isomers when 
reporting their results. Improved methods for detecting the various isomers of CLA were not 
developed until well after the 1995 priority date of Cain. This fact is substantiated by Yurawecz 
et al (attached at Tab 2), who state "the CLA products analyzed in this study were found to 
contain up to 12 geometric and positional CLA isomers. These findings are based on appropriate 
and improved analytical methodologies [including gas chromatography techniques] that have 
only recently been developed." (Yurawecz,/?. 281). Thus, Cain et al. may not have conducted an 
analysis that could detect the isomers in questions. Consideration of Example 18 of Cain et al. 
supports this analysis. The inventors state that their compositions, produced by the method of 
Example 6, contained 63.8% CLA, of which 48.9% was the cis 9, trans 10 isomer and 51.1% was 
the trans 10, cis 12 isomer. This means that the inventors provide no analysis of the remaining 
36.2% of their composition. The 8,10; 1 1,13; and trans-trans isomers that are discriminated 
against in the present invention and detected in my repeat of Cain could well have been present 
in this fi*action. 

5. I fiirther note that the formation of the cl l,tl3 isomer from the tl0,cl2 isomer and the 
t8,clO isomer from the c9,tl 1 isomer is caused by a process known as thermal sigmatropic 
rearrangement. This process is described in Chapter 5 of the book Advances in Conjugated 
Linoleic Acid Research, Volume 2, J. Sebedio, W.W. Christie, and R. Adolf, Eds., AOCS Press, 
Champaign, \L, 2002. I wrote this chapter. Briefly, this research described in this chapter 
establishes that the formation of the 8,10 and 11,13 isomers is a necessary consequence of 
heating compositions containing the tl0,cl2 and c9,tl 1 isomers. Thus, whenever compositions 
containing tl0,cl2 and c9,tl 1 CLA are heated at temperatures such as those used by Cain et al. 
(i.e., 180^C for about 2 - 2.5 hours), 8,10 and 11,13 isomers are necessarily produced. Because 
Cain et al. does not describe the presence of these isomers in their compositions, the only 
reasonable conclusion is that they did not analyze for these isomers or chose to delete these 
isomers from their report because they were not considered to be active isomers. 

6. With regard to the rejection over Pariza (U.S. Pat. No. 5,856,149), I note that Pariza et al. 
does not teach compositions that contain both c9,tl 1 and tl0,cl2 isomers while containing less 
than \% 8,10 and 1 1,13 isomers. 
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7. 1 further declare that all statcmcnl made herein of my own knowledge arc true and thai all 
statements made im information and bdief are believed to be true; and ttirther that these 
statements were made with the knowledge that willful false statements and tJie like so made are 
punishable by line or imprisonment, or both, under section 1001 of title 1 8 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issued therepit^ 




Asgcir Sa:bo 



Date; 
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FATTY ACID PROFILE REPORT 



PERKIN ELMER AUTOSYSTEM XL GC 

Column: WCOT FUSED SIUCA 100 m x 0.25 mm COATING CP-SIL 88 DF= 0.2 Chrompack 
cat.no: 7489 

Carrier Gas: He. 30.0 PSI 

Metbod: lOOE.mth _ . ^ 

Temp: 80 C (2 min)->45 CI mjn-> 130 C (0 min)-> 1 CI min-> 220 C (10 mm) 
Injection: Splitless, 240 C 
Detector: FID. 280 C 
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Variations in isomer distribution in commercially 
available conjugated linoleic acid* 

Martin R Yurawecz\ Najibullah Sehat\ 
Magdi M, Mossoba\ John A.G. Roach\ 
John K. G. Kramer^, and Youh Ku"* 



Conjugaied linoleic acid (CLA) has been rep>oacd to have aniicarcino- 
gcnic and antiatherogenic propcnics, to repartition body fat. to build 
bone mass, to normalize glucose tolerance, and to reduce hyper- 
glycemia axKl diabetes. CLA products arc now commercially available, 
and there is considerable interest in studying CLA because of this range 
of reported beneficial effects. However, little is known about the com; 
posttioa of these preparations. Representative commercial CLA prod- 
ucts in capsule or liquid (aqueous or oily) form were analyzed for their 
CLA content and isomer composition using gas chromatography (GC), 
silver ion-high performance liquid chromatography (Ag*-HPLC) and 
spectroscopic techniques. The content of CLA in the preparations var- 
ied widely. Based on the GC-inlcmal standard technique, total CLA 
varied from 20 to 89% by loul weight and 28 to 94% of total fat. One 
product contained no CLA, The isomer distributions were generally of 
two types: those with two major CLA positional isomers, and those 
with foin^ major CLA positional isomers. All the CLA preparations in 
capsule form contained the four isotner mixture, while the liquid prepa- 
rations contained from two to four CLA positional isomers. 

NOTICE: This material may bo protected 
by copyri^t law (Title 17 US Code) 



Unterschiede In der Isomerenvertellung kommerziell erhaltlicher 
konjugierter Unolsaure, Von konjugierter LinolsSure (CLA) wurde 
bcrichiet. dafi sic aniicanzcrogene und antiathcrogenc Eigcnschaften 
hat, Korpcrfen rtpartionicn. Knochenmasse aufbaut, Glukosetoleranz 
nonnalisien und Hyperglykamic und Diabetes reduzien. CLA-Produk- 
te sind jctzt kommerziell erfaSltlich, und es ^bt wegen der oben aufge- 
fuhitcn prositiven Effekte ein betrachdiches Interesse daran, CLA zu 
studiercn. Allcrdings ist wenig bckannt Obcr <lie Zusammcnsctzung 
dieser Hcrstellungcn, Reprascntative kommcrzielle CLA-Produktc in 
Kapsel- Oder flussiger Fonn (auf Wasser- Oder Olbasis) wurden mit Hil- 
fc eines Gaschromatogiaphen (GQ. Silberioncn-Hochdruckflttssig- 
keitschromatographic {Ag*-HPLQ und spektroskopischer Techniken 
auf ihien CLA-Inhalt und ihre isonnere Zusammensetzung analysiert. 
Der Inhali der CLA in den HersteHungen vaiiiertc stark. Atif der Basis 
der GC-intemen StandaixUechnik schwankten die gesamten CLA zwi- 
schen 20 und 89% bezogen auf das Gesamtgewicht und zwischen 28 
und 94% bezogen auf den Gesamtfcttanteil. Ein Produkt enthielt keinc 
CLA. Die Isomerverteilungen unteigliederten sicb allgemein in zwei 
Typcn: solche mil zwei Positionsisomeren und solcfae mit vier Positi- 
onsisomeren. Alle CLA-Herstellungen in Kapselfonn beinhaltcten das 
Gemisch der vier Isomere. wahreitd die flGssigen Hcrstellungen zwi- 
schen zwei und vier der Positionstsomere cnthielien. 



I Introduction 

Conjugated linoleic acid (CLA) has been reported to pro- 
vide direct [1] or indirect [2] protection against several types 
of cancer, atherosclerosis (3« 4], and diabetes (5]. CLA has 
also been reported to improve feed efficiency [6] and in- 
crease muscle [7, 8], and bone mass (9], These results were 
generally obtained in experimental animals fed commercial 
CLA preparations containing approximately equal amounts 
of four cisfyrans conjugated octadecadienoic (18:2) acids: 8 
trans, 10cu-18:2;9ctr, 11 rran5-18:2; \0 trans. 12cif-18:2; 

II <ru. 13 /rafu-18:2; and minor amounts of the conespond- 
ing dsxis and trans Jrans CLA isomers [ 10]. Thus, the con- 
tribution(s) of the spedfic isomers to the observed effects are 
not known. In contrast, natural products, such as milk« 
cheese, and meat from ruminant animals contain mainly 
rumenic add (9 cis, 11 mzns-!8:2) [11-13] with minor 
amounts of 7 trans, 9 ct5-18:2 [14] and other isomers 



* US Food and Diug Admiatscratkm, Center for Food Safety and 
Applied NutrittOQ, USA 

^ Southern Ox)p Procectioo, Food Research Center. Agriculture and 
Agri-Food Canada, Canada. 

* Presented in pait ai die 52ikI Imeniatiofial Deutsche OeseUschaft ftlr 
Fett w i st euschaft (DGF) Coogrcss in Magdeburg. Geanuiy, Sept 
13-15, 1998. 



(15-17]. The total CLA content in these natural products 
ranges trace to 2% of total £atty acids [12, 18, 19]. 

The present smdy was undertaken to determine the con- 
tent and distribution of OLA isomers in commercially avail- 
able CLA capsules and liquid products with labels stating to 
contain CLA, The CLA isomers were analyzed by gas chro- 
matography iOCi and silver ion-high p^onnance liquid 
chromatography (Ag*-HPLC) as their fatty acid methyl 
esters (FAME), and identified by GC-clectron ionization 
mass spectroscopy (GC-EIMS) and GC-direct deposition- 
Fourier transform infrared (GC-DD-FTIR) spectroscopy as 
their 4,4-dimethyloxazoline derivatives [10, 14, 17, 20]. 

2 Materials and Methods 

2.1 Chemicals 

Rqjresentative CLA preparations were purchased locally, 
from specialty chemical companies, or from the Worid Wide 
Web. Several pure CLA isomers wttc obtained as tbdr free 
fatty acids from Mcureya, Inc. (Pleasant Gap, PA). Acctoni- 
trile and hexanc were UV grade. Other solvents were dis- 
tilled-in-glass quality. 2-Amino-2-methyl-l-propanoI (95%) 
was purdfiased from Aldrich Chemical Company, Inc. (Mil- 
waukee, WQ. A 109b solutioa of trinoptfaylsilyldiazomcthane 
in hexane was obtained from TCI America (Portland, OR). 
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Anhydrous NaOCHymethanol was purchased from Supeko, 
Inc. (Bcllefontc, PA.). 

2^ Lipid extraction 

A known weight (approximately 25 mg) of each product 
was dissolved in 2ml IN KOH m eihanoi (959b) and 
hydrolyzcd overnight in the daric at room temperature. For 
quantiuiive analyses, one mg of eicosanoic acid (23:0) was 
added as an inicmal standard. After hydrolysis, 5 ml of H2O 
and one ml of 6 N HCl were added and the free fatty acids 
were extracted three times with 5 ml diethyl ether/petroleum 
ether (1:1). The combined exu^cis were washed with H2O 
and dried over anhydrous Na2S04. and the solvents removed 
under a sn^m of argon. Aqueous CLA samples were first 
extracted with petroleum ether/diethyl ether ( 1 : 1 ), and 25 mg 
of the extracted lipids were treated as described above. 

2^ Derivatizations 

FAMES were prepared forGC by dissolving the free fatty 
acids in one ml of benzene/methanol (4: 1 ) to which 0 J ml of 
a 10% solution of trimethylsilyldiazomethane in hexanc 
were added [21]. The reaction was allowed to stand for 0.5 h 
with occasional gcntic shaking. Thereafter, five drops of 
glacial acetic acid were added with gentle shaking. The same 
amount of glacial acetic acid was added to each of the solu- 
tions to destroy excess yellow trimethylsilyldiazomethane. 
Some solutions did not become clear on addition of glacial 
acetic acid. Then 5 ml of H^O were added, and the reaction 
mixture was extracted with one ml of isooctanc. The extract 
was subsequently dried over anhydrous Na2S04. 

The 4,4-dimethyloxa2oline (DMOX) derivatives were 
prepared to determine the double bond position of CLA iso- 
mers. Ten to 20 mg of the free fatty acid product prepared 
above was added to a screw cap reaction tube (1 ml) and a 
threefold excess (w/w) of 2-amino-2-methyl-l -propanol was 
added. The tube was purged with argon, capped, and heated 
at 170 ^^C for 0.5 h in an oven. DMOX derivatives were then 
partitioned into petroleum ether as described previously (22]. 

2A Gas chrxMnatography 

The analyses of the FAMEs were carried out using a 
Hewlett-Packard (Palo Alto, CA) model 5890 gas chromato- 



graph fitted with a flamc-ionization detector. A CP-Sil 88 
fiiscd-^lica capiUary column (100 m x 0.25 mm i.d. x 0.2 jun 
film thickness; ChwmpacK Bridgewater, NJ) was used, and 
H2 was the carrier gas at a split ratio of 50: 1 . The colunm was 
operated at 75 for 2 min, then temperamre-progranuned at 
5**amin to 185°C, held for 30 min, followed by a second 
temperature program at 4 *C/min to 225 X and held there for 
33 min. 

Z5 Ag*4^PLC 

The HPLC {Waters 510 solvent delivery system; Waters 
Associates, Milford, MA) was equipped with an auiosampler 
and 2OO41I injection loops (Waters 77 7). a UV detector oper- 
ated at 233 nm (Waters 486 tunable absorbance). and a data 
system (Waters MillenniumJ^ version 2.15). A ChromSpher 
5 Lipids analytical silver impregnated column (4.6 nun i.d. 
X 250 mm stainless steel; 5 Jim particle size; ChrompacK 
Bridgewater, NJ) was operated at room temperature. The 
mobile phase was 0.1% acetonitrile in hexane and operated 
isocratically at a flow rate of 1 .0 ml/min. The retention times 
varied slightly between runs due to the insolubility of ace- 
tonitrile in hexane. However, these changes did not affect the 
relative elution sequence of CLA isomers. Typical injection 
volumes were 5-15 nl at a concentration of 1 mg total FAME 
per ml. 

2.6 Gas chromatography - electron ionization 
mass spectrometry 

The (jC-EIMS analyses were performed by using a 
Hewlett-Packard (model 5890. series II) GC coupled to a 
mass spectrometer (Autospec Q mass spectrometer) and a 
data system (OPUS 4000; Micrvmass, Manchester, UK). 
The GC-EIMS system utilized version 2.1 BX software. This 
system was used with a 50 or 100 m CP-Sil 88 fused-silica 
capillary colunm. The <XI-EIMS conditions were: splitless 
injection with helium or hydrpgen as the carrier gas and 
sweep was restored 1 min after injection. The injector and 
transfer lines t^nperatures were 220 **C. The coliunn was op- 
erated at 75 *C for one min after injection, then temperatiue- 
programmed 20 *'C/min to 1 85 held there for 15 min. then 
tcniperature-progranuned4*'C/min to220**C, and held dierc 
for 45 min. 



Tkh. 1. Conjugated Unolctc add (OLA) methyl ester isomers, as % of total CLA, to 13 commercial OA preparations as dctennined l>y silver 
tOD-high perfonnaooe Cquid chromatography (Ag^-HPLC). 
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2.7 GC-direct deposition Fourier transform infrared 
spectroscopy 

GC-DD-FITR was performed using a Bio-Rad (Cam- 
bridge, MA) Tracer^ GC-FTIR 60A spectrometer system. 
This system was used with a 50 m CP-Sil-88 fused-silica 
cs^illaiy column as described previously (23, 24]. 

3 Results and Discussion 



Total fatty acid compositions of the 13 CLA products 
were determined. The internal standard (23:0) added to the 
CLA products provided a mean to determine the amount of 
total fatty acids in the original CLA mixture. When this total 
fatty acid value was compared to the 25 mg of starting mate- 
rial used, an approximate estimate of the non-lipids in the 
sample was obtained The approximate amount of non-lipid 
material calculated for these products ranged from 3 to 28%. 
In addition, unidentified FAMEs ranged from 1 to 29%. The 



Prepiarations of CLA were capsules or liquids that were 
water-based or oil-based; some contained non-lipid material. 
Tlieir chemical composidons were not known. Based on the 
assumption that the CLA products consisted of esters, free 
fatty acids or combinations thereof, all products were hy- 
drolyzcd under alkali conditions and subsequently methylat- 
ed by using trimethylsilyldiazomethane as catalyst to ensure 
preservation of the original distribution of CLA isomers 
125]. 
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major fany acids, other than the CLA isomers found in the 
preparations, included pahnitic (16:0). stearic (18:0), oleic 
(18:ln-9), and linoleic (18:2n-6) acids. Their combined con- 
tent ranged from 1 to 84% in the products examined. Based 
on the GC-intemal standard technique, total CLA content 
ranged from 0 to 94% of die total FAMEs, or 0 to 89% of the 
mass content of the pioducts. 

The CLA isomer distributions in the products, analyzed 
by a combination of GC and Ag*-HPLC. are shown in Tab. 1 . 
No CLA was found in product 1 . The CLA-coniaining prod- 
ucts fell into two catagories: those composed of two major 
CLA positional isomers (9 cij. 11 /ram- 18:2 and \0 trans, 12 
CI5- 1 8:2). and those composed of four major CLA positional 
isomers (8 trans, 10 c/5-18:2; 9 cis, 1 1 /ra/J5-18:2; 10 trans. 
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12 c£r-l8:2, and 11 ctr, 13 trans-\S:2). Other minor CLA 
isomers were present at much lower concentrations, but are 
not reported. All the CLA products in capsule fomi con- 
tained the mixture of four isomers, while the liquid products 
contained either two or four CLA positional isomers. Repre- 
sentative GC and Ag*-HPLC chromatograms for these 
groups are shown in Figs. 1,2, and 3, respectively. 

An explanation for the differences in isomer distributions 
among the products was not available. Alkali isomerization 
of 18:2 n-6 in laboratory scale batches prepared according lo 
published procedures [12, 26, 27] resulted in the fonnation 
of only two CLA isomers, i.e., 9 cb, 11 fran5-I8:2 and 10 
trans, 12 ci5-18:2. Alkali isomerization under large-scale, 
and possibly more severe conditions, may have produced the 
four CLA positional isomer pattern observed in the commer- 
cial CXA preparations described here. This will need to be 
conGnned. 

The GC analyses were based on use of a 100 m polar 
capillary colunm. In this system, 8 trans, 10 c£5-l8:2 was not 
resolved from 9 cis, 11 trans- 1 8:2. A shoulder or a split peak 
may occasionally be evident when the amounts of these two 
isomeis are approximately equal. In contrast, 11 cis, 13 
rmn5-18:2 eluted before and was resolved from 10 trans, 12 
ci5- 18:2 using this GC column (Fig. 3, upper graph). The 
cis,cis CLA isomers eluted after 10 trans, 12 c«-18:2 in the 
orders, 10-. 9. 11-, 10. 12-, and 11,13-18:2 as established 
previously (10, 20]. The last CLA isomers to elute were the 
trans,trans, consisting of a small peak due lo 11,13-18:2 fol- 
lowed by an unresolved mixture of 10.12-, 9,11-, and 8,10- 
18:2 as demonstrated previously (14, 17]. A small unknown 
peak was observed between the cis,cis and the trans,trans 
CLA isomer regions. The structural identity of all CLA iso- 
mers was estabhshed and confirmed by analyzing the 
DMOX deri vative s of selective CLA products by GC-EIMS 
and GC-DI>-FnR. Representative mass and infrared spectra 
were published previously (10, 14, 17, 27]. 

Qnomatograms showing the separation of the CLA iso- 
mers by Ag*-HPLC are presented below the GC chro- 
matograms in Figs. 1 to 3. The elution orders of all the geo- 
metnc (in the order transjrans, cis/trans, and cis,cis) and 
positional Cm the order 1I43-, 10,12-, 9,11-. and 8,10-18:2) 
CLA isomers by Ag*-HPljC were established previously 
[10]. Ag^-HFLC was essential to complement the GC analy- 
sis and establish the compositioQ of Ztrans^ 10 ci5-18:2 and 
9 cis; 11 mcm5-18:2, and tilie distribution of most of the 
transjmns CLA isomers. 

In contrast to the commercial CLA preparations, that were 
found to contain two or four CLA positional isomers, natur- 
al dairy products and meats from ruminant animals contain 
primaily rumenic add. 9 cis, 11 trans-lSil [11, 12, 14, 
1 7-19J. While it has not been established, which isomer(s) is 
(are) responsible for the reported beneficial properties of 
CLA it is generally thought tiuit anticarcinogenidty is due 
to rumenic add (12, 15]. The nutritional and physiological 
effects, if any, of other CLA isomei(s) in conmierdaDy avail- 
able CIA prq>arations are not known. 

Werecendy r^xnted, that one of the four major cii/irmnx 
CLA isomers, 11 cis, 13 Iran5-18:2, accumulates preferen- 
tially in heart phospholipids and specifically in heart and li v- 
cr(fi{diospfaatidylglycerolCpPG) f pigs fed a CLA mixture 
contaxmr^ four positional isomers [20]. DPG is a major 
co mp one n t of inner ndtocfaondiial oaembranes and is in- 
volved in many enzymes of bioeneigetics in die mitochon- 
dria [28, 29]. Watkins e( aL [30] demonstrated that dooosa- 
hexaeooic add (22,-6 n-3) accumulated in DPO of human 
colonic adrcnocardnoma (HT-29) cells and increased mito- 
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chondrial oxidant production. Similarly, 11 cis, 13 trans- 
it:! (or any other CLA isomer incorporated into DPG), 
could affect mitochondrial oxidani production, particularly 
since it has been shown that the oxidative susceptibility of 
CLA is comparable to that of arachidonic acid (20:4 n-6) [3 1 . 
32]. In response to our findings that 1 1 cis, 13 trans-lS:! was 
selectively incorporated into DPG (20], a major supplier of 
commercial CLA preparations rccendy modified the process 
to eliminate the 11 ct5, 13 rra/w- 18:2 isomer. The simultane- 
ous elimination of 8 trans, 10 cw-l8:2 from the resulting 
CLA mixture was an additional benefit of preparing a CLA 
mixture devoid of 11 c£j. 13 trans-\Z:2. 

In conclusion, the CLA products analyzed in this study 
were found to contain up to 12 geometric and positional 
CLA isomers. These findings arc based on appropriate and 
improved analytical methodologies thai have only recently 
been developed (10, 14. 16, 17. 20, 27], All commercially 
available CLA products investigated differ, some signifi- 
cantly, and the isomers present may not necessarily represent 
active CLA components. As new products consisting of two 
or perhaps only one CLA isomer become available, it will be 
possible to determine the physiological effects of specific 
isomers. This is essential for an understanding of this unusu- 
al group of lipids. 

Abbreviations 

Ag*-HPLC, high-performance liquid chromatography; cis/irans, 
refers to all the CLA isomers having either a cisjrans or a transacts con- 
figuration; CLA, conjugated Hnoleic acid; DMOX, 4,4-dimethyloxazo- 
Hnc; FAME, fatty acid methy! esters; GC-DD-FTIR, gas chromato- 
graphy -direct deposition-Fourier transform infrared; GC-EIMS, gas 
chromaiography-clectron ionization mass spectrometry. 
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Introduction 

Conjugalcd linoleic acid (CLA) has been available as- a heallh food supplemeni in 
soil geladne capsiiles since 1995 in ihc United States, aad more reccnily in several 
liuropean countries and Japan. CLA products de-signed for food and animal feed 
additives arc expected lo appe^-u* on tbe market in the iieai* fuiiire. CLA has been 
produced for-decades for technical puTp^).ses aud cominnes to be iiseti as a substi- 
tute for Chinese tung oil in the paint and vainish industi-y due to its "drying" chai- 
acteristies. The production methods developed Tor technical CLA products were 
rapidly niodifie-d and iniprove<l upon alter tlie discover^' of the biologieal aetiviiy 
of die substxince. This chapter will focns on supplement.s in particular, includiiig 
current production methods, stability, and breakdown products. Purified isomers 
arc currently available only for research purposes, but a few references lo meiht)ds 
available for purification will be given. 

CLA for Technical Applications 

Dehydration ofRicinohk: Add 

Sevend decades ago, only two natural oils (lung oil and oiticica) were known to 
eontain conjugated double bonds. Oils diat contain these bonds rapidly form a 
polymer film ("drying") if a thin layer i$ e.xp<ised tt) air; tung oil was widely used 
in the paint and vainish industry. An incTcasing demand for such oi.ls and limited 
availability encouraged efforts to produce drying oils from nonconjugated oils. 

Tile main cHm.stitucnl of ct-tsiof be^m oil is ricinoleic acid (l2-hydroxy-9-octade- 
c^-roie acid). Around 1937, dehydrated castor oil appe-arcd on the market in the 
United Siate<s as a substitute for tung oil. Ten years later tlie product was csuiblistied 
as one of the most popular drying oils (1). It has been known since I K«« thai castor oil 
could be dehydrated, and since 1914 it was known that the main isomer's of linoleic 
acid lorrned \\s.d double bonds at positions 9.1 1 and 9,12» but die detailed composition 
ol dehydrated ricinoleic acid was not inve-siigate^ until recently. A CTemian patent 
fiiom 1930 (2) antl a U.S. patent from 1934 (3) descnibc the preparation of dehydrate-d 
c^istor bean oils. A modifie-d procedure wa.s recently used to pnxluce an 83% pure 9- 
rix,\ ]-0'a/is CLA concentnite from purified ricinoleic acid (4). Main impurities were 
the 0-cisAi-cis and 9-rw,12-t7-a/z.v-octadecadienoic acids, C<invcniional dehydration 
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usin^ high cerupcranires will create otiicr isomers, juainly "^--ty^ansMVcix and \ran:i, 
trans isomers. C!LA Irom dehydralcd castor oil is not available on the markcl in sup- 
plement form. Apart iwm s;ifeTy issues, the i>^ASOn is the absence ol \Q-tran.s,\2'cis 
O A, the isomer shown to inhibit fat synthesis (5). 

Alkali Isomerhation of Linolcic Acid Oils 

AttejnpL*; lo produce drying oil fix>ir» nonconjugalcd oils were successful in the lale 
1930s as well as fox oils contain ing methylcne-imennpted laay acids. In 1941, a U.S. 
patent was issued thac de.scribes the tise of numohydi :lc and polyhy^kic aicoliols ;ls .soi- 
venL<; and a variety of alkaline catalysLs (6). A few years later, iwt) patents were issued 
that described the use of waler (7) and steam (8), respectively, as solvent in an auto- 
clave to acliieve the tenipe^-aiurcs necessaiy to eon jugate unsaturated acids. It is actual- 
ly the soap that is conjugated. Upon addition of mineral acid, die ennjugaied free fatty 
acids are lihcnited, Qirrcntly, CLA is pnxlucexj Ibr technicjil purposes in high aikaJine 
water at -TMY'C. Feedstock is usually free httty acids (alter fat splitting to re-cover 
glycerol). The product t.s usually distilled to yield a virtually colorle.s.s oil. 

Production of CLA for Animal and Human Consumption 

Alkalintt Water Isomerization 

The first pixxlucis in appear on the he^ilth food market contained -65% CLA, and 
the profile of the CLA isomers was similar to technical-grade pn)duct5. Christie r.t 
al (9), showed that the main isomers of C\.h in addition to 9-t:w\l l-/ran.^ and 10- 
tJ'anx,\2-cis were an 8,10 and an 11,13 isomcT cisjrafis or f7a/ty,m. These were 
later identified as H-transJO-cis and I {-cisS}'tran,\ (10). Such products arc still 
available as supplements-, ami most if not all are produced from linoicaU;-rich start- 
ing materials in high-alkalinc water reactions at temperatures >'230''C. We inve-sti- 
gaied reaction paiaiTiclers in water alkaline (KOH or NaOII catalyst) re.acdons try- 
ing to avoid formation ol I \-dsA3-frcins nnd S-lrwis,U)-ris. It mnied out not to be 
possible to achieve a neaiiy quantitative isomerization and at the same time avoid 
Ibrmaticm of the said isoniers (data not publistied). 

Isomerization in Propylene Glycol 

QiKintitative isonieriwition of oils containing polyunsaturated fatty acids in mono- 
liydric and polyhydrie alcohols was <!escriL>ed in 1941 (6). A detailed procedure 
using etivvlenc glycol is described in a patent from 1996 ( I I). Ethylene glycol has 
not been used commercially lor production of CT A for consumer safety rea^sons. 
Propylene i;lycoi has therefore been .selected by several producers who indepen- 
dently developed proprietary procedures (12,13). KOH was selected as catalyst 
because of hs high soliibiliry eompare-d willi NaOK. Reaction lemperaturts are typ- 
ically 130 -ISO^C and times of reaction are from 3 U) >24 h. Tlie quantity of KOU 
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is substantial and in excess of that needed! for quantitative saponification. After tlie 
reaction is complete, the mixture is cooled down and water and iiiinernl acid 
(hydrochloric or sulfuric) are added. IVce fatty acids of arc liberated ;is soon 
as the mixture becomes acidic. One patent describes the use of hexane at tliis point 
to extract CLA and facilitate separation from the hottoni aqueous layer witbont 
emulsion problems. However, the operation is possible without the use <>< hexane. 
For the sake of recovery of propylene glycol fre*e fntiy acicLs arc preferTed as feed- 
Siiock oil. A iriacylglycerol feedstock will create glyeerol to ctnitaininate the propy- 
lene fiiyc-ol. After water and st>Ivent (hexane if used) have be-en removed under 
vacuum, the (?LA product is preferably purified by deodori/.;irion and disiiilaiion. 
Peroxides atid voJaiile'S are easily removed by deodori/.atitni. The peroxides are 
broken down to secondary volatile products tliai ai*e reinove-d in the process. 

The purifi cation process slionid also include a niolecnlar distillation step to 
reiiiovc nonvolatile compounds such as polymers, sterols, and propylene glycol 
esters. Heavy metals could also ari.se from ifie isomerizatton process if mineral 
aeicls arc used in stainless steel reactors (14). Their concentrations are reduced 
upon molecular dist illation as well. A distilled pnwluet is almost eolorle&s and has 
an acid value of -200 (mg K()H/g). A nondi stilled product might have nn acid 
value of -190, be yellow to slightly brown in c-olor and have an op;iqiie appear- 
ance. However, we have observed a slight decrease in acid value in eapsuJes over 
time and also a darkening of the oil if the capsule material is colore-d. Due to the 
strong alkaline process, free fatty acids ai^- tiie final product regardless of the lonn 
of feedstock (free fatty acid, a monoalkyl ester, or a triaeylglycerol oil). Therciore. 
CLA in supplements are offered almost exclusively as free acids, in contrast to n-3 
coDC-entrates that are offerexi either as etiiyl esters or ree.sTerified uiacylglycerols. 

homerixalion of Mono-AlkyI Esters Usinf; Alkali Metal Alcobohles 

Recently, a proprietary method has beet) developed that quantitatively is{>mcri/es 
methyl csICts and ethyl esters of linoleic acid using ve»y low qiiimtities of eatalysi.s and 
virtually no solvents (data not published). Rccaasc of the quantity of caialysi ('•2%>. 
only a small thiction of Uie ester is saponified axid hence appears as free fatty acid after 
aildition of a neulnili/.ing agent. Most of the product (>92%) Is sti.ll in the fonn of the 
ineiliyl or etliyl ester after the isonieri7.ation process. The i-e;ietion prtK-ceds at teinpera- 
nire.s down to below 1O0°C, and the CI -A pRxluet is eharactenzed by very low levels 
of CT-A isomers pnxluced by thennai | K5| sigmatropic reaii*angemenTS (see below). 

Thermal 11,51 Si};nmtropk: Rearrangements of CLA Isomers 

Production of CLA in propylene glycol or other alcohol under mild conditions 
gives rise to <0.5% each of the isomers 1 ]-(:Ls\\3'trans and H-lrans\iO-cis. After 
purilication of .single istuners, we showe-d that upon heating to 220"C in an inert 
atmosphere, lO-/ram»12-c(V gives rise to i i-cis,\3-rrafis (Fig. 51). Upon beating an 
ll-c*>,13-/mwj" concentrate. M}-trnnxJ2-ris was pniduced. Under optimal condi- 
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lions, an equilibrium is established between <hese isomers, ;in(i only minor qiiauti- 
lics nl" cisxis and rransjm/is isomers ai*e forme*!. The isomer shift is actually a 
thermal (1,5] sigmairopic rearraiigcment, (L'ig. .^.2) ullowed according to ttic 
orbital syniincLry theoi^ (WtKidwai'd-HolTmami). For this sif;matfOpic rearrange- 
ment to occur, it is essential that one of the bonds be in the rw-configuration. A 
similar rearrangement is obsei-ved lor fhe isomers 9-cisAi-tnmx and S-trans\\iycix 
The phenomenon is actually a tool for chemists to produce new isomers. Any 
given CLA isomer that contains one double bond in die f.'i.v- contiguration and one 
in the rrrtrti-configunition can be heated to be isomerized into another specific 
cisjrans or nvns\ci\ isomer. Isomers Fonned might he predicted from formulae as 
in Fig, 5.2. A simple mle ai' thumb is that the two double bonds will move against 
the ris end of the bond pairs. I^'or example, l traTts,9'Ciy (a common isomer in milk 
fat) will isomeri^e i{> >^-Cfs,10~lrcms and ulcc vcrxa. P?'olonged ti eating; of isomers 



9t:J 1/ 



lO;J2c 



B 



He. 13/ 



10/. 12/ 



K/,IOr: + 



10/,I2(; 



1()f.,l2<: 
1U.,I3<: 



Il/.13f 
,rs/\J 0/,12f 



Fig. 5.1. ( ias cbfoinatography (CQ profiln of ethyl ester of purified MUtmns/il'da 
CLA isomer (a) before and (b) alter heating lu 220"C in an inert atmosphere for 2 h. 
I ho process caused i<u:imcri^aticin into the isomer 1 1-o/sJ 3-frjn5 by thermal 11, .SJ sig- 
rDiUropic hydrogen shift. GC conrlitiOns: UJt)-m CK Sil 88 fused silica capillary col- 
umn and flame iornzation detection (FID). 
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Hg. 5.2. J)rawinj> cxplorning Uiermal [1,5] si^iinatropir. rcarraiij>emenr hotween the? ( .1 A 
isomors :?-c/V and ^^'df;,\^-^rnTn>. Renrrion h bfxjntannnu? and the rr,in<;Kion 

sr^iio depicted hi ifie middle Is nol an intormodiate prodtjci. - (CH.,L and Ri - 
-(CN,)„(-:0,M. ' 



seems to gradually deveh>p risxis and transj.rans isomers, IiupuriLics present 
(iron, copper and other metals) will grently favor Konnatioj) oi' trans jnmx isomers. 

isomer Profile in Available Supplements 

The tt)lal contem ol'OA in supplements more or less reflatts ihe staning malenal. 
Simflo^vcr oil as a starting material results in -05% CLA, where^is saiTlower oil yields 
up a> 80%. lioth oils contain a level of palmitic acid tluM tends to cause jm:eipitation 
beiow room. teni{>craiure. PraducLs arc now available with a reduced content of salurar- 
cxl acids and >80% CLA. The pjx)ducis can be classified in two groups, the *'4-isomcr 
priKluct" and the '•2-isomer product** (I'ig. 5.3). Tlie latter product contains ahuosi 
exclasivcly 9-c/.vJ \-traju and li)-trfmsA2-<iy, iuyih vip to o( the oil, or almost 

50% of die C?J A. *llic Ibrmer, however, contains several isomers. 'Hie chition oi*der on 
ga.s chi'omatography (GC) oi' the 4 main peaks is 9-c/:vJ ] -t7Yui9: S-irans\\0~cis (may 
co-elut£; with 9'Cis,\\.-trany);] \ rixJ3-fram'; and [0-lrans,]2 rix (9). in addition a 
major trans.rrany peak (9 J 1 and 10,12 co-eiti ting) t>fU:n neaches the same level. Such 
pnxlucis may contain as^ litUc a.s 8% l(>-tran^, 1 2-cxx Despite co-elution, ihe content of 
i^'transAO-cLs can be estimated approximately by measurement of W-cisJ^-rnms. 
Botli are produced U) the smue degree from dicir mother components. In otlier words, 
the rado of I {-CL\,\3-trans to li-cixj^-rrans + \0 trans d'l-cis equals that of X- 
transAO-cix to (he co-eluiing peak 8-/r«m\l ()-rz> 9'CisJ 1 -triins (data not ptibhslied). 
PtDduets from a single soiu\:e have been i^epoilcd U) show subsiantixd variation in iso- 
mer pn)lilc (15), and pr(.)ducts also arc available that contain.*; viitnaUy no (prt:.scnt 
dat<i. Table 5.1) or totally lack CTA (10). Two of 17 ijnKiuct.s sampled an(i analyzed in 
January-Maiich 2<K>2 by our laboratory contained liigli levels of the isomers I \-ds.U- 
tttxTLs and H-lnws, 1 O ris (Table 5.1 ). 

Stability and Breakdown Products of CLA Preparations 
Stability of CLA Compared with Linoleic Acid 

A few studies repoiT data on the stability of CLA compared witfi linoleic acid in 
different test models. Bubbling of oxygen lhrou;;li samples at 90''C resulted in a 
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FijL;. 5.3. Parliai gab chrom.-irograpliy (GC) f)mfilr r>f rihyl esiers o{ (a) n "2 isomer 
ly(je" and (b) a "4 isomer lypo" CLA supplomcni, uS(iii> a 100-m C.I' Sil tif.t fused silica 
c:npillary colijmn And flame ionization doic<:liun (FID). Pmducx (o) is iderilical to prod- 
uct No. 14 and product (I)) is if)cnU<:uil to No. 17 in Inhic 5.1. Note co elution of 
/ra/zi-, 1 0-t :/i and 9 c/.s, 1 1 -rrjins^ 

iiruch higJier pemxidc value (PV) in Uiiolcic iiciti (16) than for CILA. When :i niix- 
lurc (»r (:i,A isomers was heated to .SO"C in air, ihc rate ol* oxicUitiou was con<!idcr- 
ably faster for c:LA ihnn for linoicic acid. Tlie rate of oxidation wim measured a<; 
*Vemaining CLA'* by GC;. When comparing groups of CI.A isomers, stability 
decreased in order of irony J runs > risjyans or tr{irus\cix > cis^rh. (17). la a study 
in aqueous and st)lvcni systems lueasuririg stability by the induction period system, 



TABLE S.l 

Conicnt of CLA f% ot I or. 
Jr-»nuary March 2002'' 



Prodi ;cT 


rriKlucf typ+^ 


1 


Soli i^c^HliriH r.ip 


2 


Liquiti 


3 


Soft cclalint: <:Hp 


4 


bOTl gclalirli.' 


5 


Soft gcloUtK' o:i> 


6 


Sr.m geiatinc Cait 


7 


Soft gelatine c:i\:i 


iS 


Sotr Ketatine cap 


\i 


Soft p,f?;atfne cap 


It) 


Sdff ^',f>i.^tine cap 


1 1 


SOi'l i;«latinp cap 


:2 


Soil ^<;l;4t(np f".:^p• 


i;i 


Soil Ljt:lHnnp c.Hp' 


14 


Son ycUtitu* fa\y 


IS 


Liquid. i:rnijlsi<}n 


16 


Soft golaliiu: (..-![): 


17 


Soft gciaiiiic t.riiv 



•Till- ivjiiicrs \0-rr.vv..\ j t-i^ ^inj 
ucts werft of I ho "4 isomer ' rv i>#-, 
t.is, \ 1 -truns (nol l.(htit;»r«xl Ovv i 
crans, I >m:»v in ;i]l ^uppleroenK cm 
ni|» K(.)i 1/^;. (A ii'HUnt"/c (tw uuiv 
region of [XtMlucl 14 and pro«1i'ri 



CI. A was more stable rhn 
esters (18). Anoilier stud 
the folJ owing Older: oieai 
4(rc and moniiored by • 
c/.v,l l-rra^l^. the major m 
and 1 !J-monohydroperoA 
1 3-, and 14-rnonohydropc 
Dat<i reported on the 
tions. CI. A do not easily 
seems comparable to tl)ai 
breakdown of pcToxidcs i 

VoLitilcs 

in ;) pilot projeei on deve 
liexane was observed in 
searcliiiig lor the source 
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y\ eslers of (a) a "2 isomer 
iOO-m CP Sil a« fused silica 
•flurl U1I i^'lcnlical to prod- 
■j r». l. Nule cu-elution of 8- 



laa fof CLA. When a mix- 
of oxidation was consider 
:>xuLih(>n w;i.s measuted as 
jf CLA isoincrs. stability 
s > cis.cis. (17). In a sLudy 
ie induction period sysiecii. 



CammercLiI Synthesis oi CLA 

TABLE 5.1 

Contoni of CIA (% of Total) in 1 7 Ciommcrcial Supplerrients Sampled in 
janiiaiy-Mdrch 2002-* 




Produ<.i 


Hr(.jdi.)ct type- 


Country 


%CLA 


%10^]2(. 




Acid 
value 


I 


fit ift ).;Hlatine capsule 


Norway 


JUI.I 


47.8 


0.4 


1 


2 


Lic]iiifl 


Noiwuy 


7(1.*. 


47.1 








St")(l ^rlntinH (Uipsule 


Norway 


(iH.I 


46.7 


1.1' 


1 *i(y 


4 


Sod ql'AMuw t::-tpsiile 


Norway 


7(i.:i 






1 




Soil gC'l<i(ifu> rnpsrilH 


Norway 


76.4 


4fi.(i 


1 J 


1 'J.-l 


() 


Sofl gdaliiH: trnpsulH 


U.S. 


71.4 


4(,:a 


0.5 


Ili^J 


'/ 


Soft gobtiiiC t^jpsulc: 


ti.S. 


74.8 


4.1.1 


0.9 


192 


8 


Soft gelaiine capsuk: 




77.9 


4ft..'. 


O.il 


199 


9 


Soft geiaiiiic capsuk.* 


U.S. 


70.6 


44.4 


0.6 


169 


10 


Srfifr (•;ekitinc capsule 


U.S. 


79.6 


45.3 


O.-l 


193 


71 


Sofr f^elatine capsule 


U.S. 


7:^.0 


44.4 




192 


12 


Sofi j.;«l.itine capsule 


U.S. 


74..H 


43.6 


1.1) 


187 


1?. 


Siifl f.;«lHrine capsule 


U.S. 




28.5 


o.n 


1 HO 


1^ 


Soli ^t:l«tinH <:.ip5ule 


U.S. 






0..» 


V)f. 


ir» 


Ljqui(J, <:rnijlsi()n 


U.S. 


1.2 


^7.0 




NA 


If, 


Sofl gold line fiHpsiilK 


S. Africa 


si.y 


If*..'; 


16./ 


vjr, 


17 


Soft goladru: t.Hpsuki 


Norway 


57.7 




16.5 


200 



"I he isomers Uhlr.nis,}'/ ay uiid 1 1-os, 1 3-rram are ft»fprft.'-f.#:t1 .i-; Otv (.tcrtcnta^c of total CI.A. Only iwi» f.inxi- 
uf.lf. w«K« uf lilt; "4 isomp.r* type. Twii |iivh1ui:I:; wt*rv liguids. one oil ;inr) oiift ftr»i.it;>K. m (l .77t fat). Content o- 
9-t75,l I-rran.« (nol l.ilxtkiu-d du'; to overlap with fi-rf.5n.s;,1() rl'fi i-; upproxiniatcly equal or slighlly lov fli;(n : U- 

(.,/> ht all supplemfints rtmwilly .iv;itl;it.i|i;. DisUllod products typic.illy li;ivt.i ii(.id values of m-lOd 
rnj» KOH/p. (A l(jn.(in7o fax* fatty acid produa ot olpir lui;. ;i Oiwrctica! add value of 1 MH.hO). (.i A 
riptgiciii c ii' ).in.iduct 14 and prodi/rl 1 7 is illuslnned in T tjiurc 5 ..^ . NA, not .ivjiil.ilik*, 



CLA was inonc. stjible than linoleic acid as free fatty acids, and ics.s stable us ethyl 
'esters (18). Another .stii<ly iLsinfi methyl esiers reported th<nt stability decrca.scd in 
llic lollowijiA order: olcaLc > CI -A > linoleate. Samples were stored in the daik at 
40''C and monitored by tiiiii-laycr ehr()matoj;j:aphy (TLC), UC and PV. From 9- 
cisAl-(nim\ the major monohydroperoxidcs Ibrmed wei-e identified as 9-, 12- 
and l3-monohydn)peroxidcs, where^is 10-/m/i.v,12 ri.v yielde^i primarily 9-, 1(1 | 
13-, and 14-m.onohydroperoxides (19). 

Data reporlcd on the PV of CXA preparations are consi.siciil with our obseiAa- 
tions. CLA do nt>i ca.sily develop high PV, yet the oxidative breakdt>wn ol CI .A 
seem.s comparable to that of linoleic acid. The reason is liVely to be a more rapid 
breakdown of peroxides mio secondary oxidation products. 



In a pilot project on developing a procedure A>r CLA pn,^.....,*^^, « 
Jiexane was observed in a product by headspacc CiC:-ma.s,s spectromeUy. Afic 
seai'ching (or the source of coniaininatitm. it was final' . . . 



A>r CLA production, a high conient of 
«d Space CiC-ma.s,s spectrometiy. After 
, it was finally coneludal that penttUie 



I 
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ajid hexanc arc jiniong the secondary oxidation products of CLA. This was later 
coafirined by cxpciiments. To our knowledge, ticxanc ha.s nevei* bcm reported to 
be an impomm iaiicrcnt oxidntioa pnxlact of vegerabic oils. Fn a free faLLy acid 
concentrate nt' 9-cii\ll-trans stored in ific dark with ail' access lor I wk, liie two 
luajor voialiles that tleveloped were, not surprisingly, hept^-iual and 2 nonenal. The 
concentration increased from 4.8 and 0.7 to 84.6 and 22.5 ^ig/g, respectively. 
Vttlatilc breakdown producLs se-em not to build up in soft gelatine capstile supple- 
ments. A CA./K product that was stored for 5 y at room temperature amtained 2.3 
Ug/g hexanai and 2.2 njj/g heptanal ^iat^i not published). No antioxidant was Jidded 
U) the .supplement. 

Among less volatile breakdown products, lurnn fatty acids were reported when 
air was bubbled through CLA dissolve-d in a (nixturc of methanol and water at 
50°C. (20). Puranoid Catty acids might also arise in pivparation of fatly acid methyl 
esters (FAME) for GC. To our knowledge, luran fatty acids have not been reportetl 
as an oxidative breakdown product in dry oil preparations of CLA. 



Polymetat 

Conjugated oils are coiisideried valuable raw materials for the paint and varnish 
industry because of their film Tomiing properties ("drying") upon air access. This 
property gives rise to concern regarding the stability orc:LA preparations. In a st^i- 
bility test program, 10 rnL ol'd-A triacylglyeerols and free fatly ;iclds were .stored 
in an arnber open glass bottle in darkness. Alter 4 mo at 25''C, controls without 
antioxidants added were highly viscous and not suitable for further stability testiofi. 
The siitiiples had a membrane layer on the surface, and tlie visaisity clearly devel- 
oped over time. Samples with antioxidants did show a retarded visct)sity develop- 
ment (data not publishe-d). 

Soft gelatine capsules ure considcretl to give r^^sonahle pnitection from expo- 
sure o( unsaUjratexl oils to air. Capsules containing CLA free fatty acids showed a 
slight increa.se in polymer content from 1% in freshly prepared capsules to 7% 
after 5 y (data not published). For eompudson of health risks, a limit for Tx;jcction 
on e<K)kinR oils has been cstiiblished in some countries; values listed in a report 
from die Kuropean Parliament are 16% (Holland), and 10% (Uclgium and Czecli 
Republic) (21). 

SUbiUty of CLA in Soft CelM'me Capsules 

No data have yet been publi.shetl on the siabiHly ofClJ^ in capsules. Observations 
on polymers and volattles in capsules are repoittxJ above, lu a stability test pro- 
gram accoiximg to international Conference on Hai;monization (ICH) guidelines on 
a free fatty acid product, tlie content of total C:LA was not signilieantly reduced 
after 24 mo at 25''CV6()% relative humidity. In this test, CLA was measured by GC. 
Peroxide value (PV) did not develop in the eapstdes (data not puhli.shed). 



Next Generation Pr 
Isomer Purification 

All CLA supplements cu-. 
clsAl'tranx and iO-lra/> 
product migfit be justifit 
cL\\ \ i-mjns and the \iUrt 
purposes in VJIogiam sen 
to 99% arc olTcred. IIi.£;h 
talli/ation of the methyl 
(22). 

A concentrate with 8 
dration of ricinoleic acid 
The use of urea inclusioi 
separate 9-Cisdi-iran\ Lit; 
tools for these separatiot) 
using lipase from Geotri, 
selectively 9'CisA\ -trans 
mers (24). A patent has 
m erases from Pmpionibo 
isomcnise preparatiims w 
\(S'lrans,\2-cis isomer of 

Triacylglyeerols for Foo 

Fvec. fatty acids and moji 
probably also to animal t 
human consumption. CI. 
lipase has been reporte*. 
Incorporation of CIA ini 
(27), biitteifat <2iS,2S)). an 
lized with antioxidants, Ik 
since 20()(). Flavor ajid a 
sp(K>n. Further lcchnie;d d 
applicability as well as a 
arrention before CLA can 
human food. 

Summary 

CLA supplement.s for he 
most of the protlncfs con 
acids. The hisiory td C:L/ 
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fs of C\A. This was later 
las never been reported to 
e oils. Ill a free fatly acul 
r access tor I wk, the two 
■ptanal and 2-noncnal. The 
J 22.5 ng/g, respectively, 
'tt jielatinc eiipsule siipple- 
tempcnilure contained 2,3 
No antioxidant was added 

/ neids were reported when 
of methanol tuid water af 
uation of fatty acid methyl 
nds have noi: been repoited 

-s of c:la. 



lor the painl and vjimi.sh 
ng") upon ail* access. This 
"F.A prepamtioas. In a sta- 
I'ree fatty aeids were stored 

at 25X, conirols without 
for fiuther stability testing, 
ihc vi.seosity elejtrly devel- 
letarded viseosiLy <ieve1op- 

ahle proteetion from expo- 
K free fatly aeids showed a 
' prepared capsules to 7% 
» risks, a limit for rejeetion 
s; values listed in n report 
10% (UeigiuTri and C>/-cch 



\ ill eapsules. OKservatioiis 
)ve. In a stability tL\st pro- 
iration (ICH) guidelines on 
s not significiintly reduced 
CLA was* measured hy GC. 
a not publishexl). 



Cnmm wcM f Syntltvsis t tf C .V. A 7* ) 

Next Generation Products 

isomer Purificntion 

All CLA supplemeiiLs currently offej:ed eonuiin approximately e-qnal amounts of 9- 
cisM'Lrans and XQ-tratviAl cis. The extra costs of producing a biased isomer 
pnxluct might be justifies) if benclieial healtli effects were documented. The 9- 
c:w',l l-mi7?y and tlic }{)-a'ans,l2-ciii isomers of CLA arc now avaUable l\>r research 
purposes in kilo]Ly:am scale with a purity of -90%. In small quantities, purities up 
U) V9% are offered. Higli yields and high purity can be obt*iined by repeated crys- 
lalli/jition of the rnethyl ester forms in acctoiie at ternperaUnes as low as -60°C 
(22). 

A concentrate with 83% I -trana isomer was obtained from gentle dehy- 

dration of ricinoleie acid from castor bean oil and subsequent purification steps C4). 
The use of urea inclusion compounds does not seem to be a fe;isible procedure to 
separate 9-f;i.v.l \-rran^ and M)- trans M-ch (2J). Rnzymes^ however, are promising 
U)ols for these separations. A 98% concentrate of y-^./.vJ S-imrus was reported by 
using lipa.se from (reotnchum candUlum. The enzyme was capable of eslerifyinj; 
selectively ^'Cis^il-lrcins to monohydric alcohols from a mixture of several is(» 
mers (24). A patent has been issued on purification and characieri/.ation of iso- 
merascs from Fropwnihactenum acnes and Chslridium sporof^enes . Yhc purified 
isonierase preparations were able to quantitatively isomerize linoleic acid into the 
1 ()'Trans,\l-cvi isomer of CLA (25). 

TnaiylglycQrols for Food Applicationf; 

Free fatty acids and monoalkyl esters are applicable to supplement cap.sules and 
probably also to animal feed formulations. However, as an iugredienl in fotxi tor 
human consumption, CLA is most attractive as a triacyiglyeerol, A nonspceilie 
lipase has been reported to esterify CLA with glycerol very efficiently (26). 
Incorporation of C:LA into food fais and oils has- also been reported for fish oils 
(27), butlerfat (28,29), and com o'd (30). A bottled uiaeyl glycerol pi*oducL stabi- 
U?^ with antioxidants, has been available in tlie health food market in Sc^uidinavia 
since 2000. flavor and antioxidants are added U) the oil designed to be taken by 
spuon. Further technical developmenL<; of CLA products improving tiie stability and 
applicability as well as addressing specific issues of food legislation wdl require 
attention before CF .A can be made available aN an ingredient for animal fe-ed and 
human food. 



Summary 

CLA supplements for human consumpti(m have been available since 1995, and 
most of the products contain between 60 and 80% CLA in the form of free fatty 
aeids. The history of CLA pHxluced for te>clinieal purposes dates hack almost 100 
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y, however. The. i^ioraer profile of the suppleineiils range (Vom au aiinosi pure 9- 
cis, ll-i ram- + ]0'rransA2-cis-5{)/5{) mixture (made ia alcohol s()l vents between 
100 and I50"C), to a mixture with lV>ur prominent dsjrans or tran.\\rix isomers 
pn)dueecl in hifth alkaline water at high tempcralares, of which S-tratiA\\i)-cis and 
\l-clsA 3-tran.s. 1X:2 are produced IVom 9-dsM~trans md ]() trattsA2'cU\ respee 
tively, by thermal .sigraauopic rearriingemeuts of the isomers. Supplements 
arc typically offere-d aii iree fatty acids m soft gelatine c;ipsiiles. Unpublishcfl (Uita 
on stability of CI A in capsules store*! acxrording to ICH guidelines for 2 y did not 
show ajiy loss- ofaetive ingi'e-dieiu. 
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